Adult rabbits were sensitized against rabbit immunoglobulin allotypic specificities of the a and b series by means of two injections of their own lymphocytes coated with the appropriate IgG. The splenic lymphocytes from these sensitized rabbits were injected, 24 hr after birth, into newborns that had inherited from their father the allotypic specificities susceptible to recognition by the sensitized lymphocytes. A significant percentage (40%) of the young rabbits subjected to this treatment developed a total suppression of expression of these specificities with the well-known compensatory effect due to an increased expression of the corresponding allele. We have observed that the T Julius subset of the sensitized splenic lymphocytes was responsible for the induction of this suppression that was established without discernible intervention of anti-allotype antibodies. In one instance we observed that the expression of the allotypic specificities transmitted by the father, although established at 5 weeks of age, gradually declined and totally disappeared at 13 weeks of age.
A few years after the first observation with rabbit immunoglobulins (1, 2) of what was defined as the allotypy of proteins (1) (2) (3) (4) , the early experiments of Dray (5) on the induction of immunoglobulin allotypic suppression opened the fascinating area of the manipulation of the immune system.
In the rabbit, allotype suppression has been achieved only by means of anti-allotype antibodies coming either from the immunized mother and acting on the fetus via the placenta or from unrelated donors and passively injected into the newborns during the immediate postnatal period. The mechanisms underlying the induction and the persistence of this suppression remain poorly understood. In the mouse, a model has been proposed using results obtained with F1 hybrids with one parent from the peculiar SJL strain (6) .
In the rabbit, certain questions such as those concerning the allelism or the pseudo-allelism (reviewed in refs. 7 and 8) of the genes encoding the allotypically different immunoglobulin polypeptide chains require a better knowledge of the mechanisms of the allotypic suppression. If these genes are pseudo-alleles, an understanding of the suppression mechanisms indeed could lead to an approach of the problem of their regulation. To reinvestigate this point, we attempted to induce the immunoglobulin allotypic suppression in the rabbit by a means different from those previously explored-namely, without using anti-allotype antibodies. As Miller et al. (9) , for albumin and cytochrome c in mouse, we generated lymphocytes with a suppressor function towards an allotypic specificity by injecting appropriate rabbits with their own peripheral blood lymphocytes coupled with IgG bearing this allotypic specificity. A similar method was successfully used in mouse (10, 11) to prepare T lymphocytes with suppressor activity against idiotypes and to induce idiotypic suppression. On the other hand, we took advantage of the possibility reported by Chou et al. (12) to establish in random-bred rabbits stable chimeras for the lymphoid system by injecting newborns with lymphoid cells from adult donors. Thus, we injected, into heterozygous newborns, spleen lymphocytes from adults sensitized against the immunoglobulin allotypic specificities transmitted by their father. We worked with the allotypic specificities of the domestic rabbit immunoglobulins, of the a series (al, a2, a3) carried by the variable region of the majority of heavy chains, and with those of the b series (b4, b5, b6) carried by the constant region of the K chains.
MATERIALS AND METHODS Animals. We used male and female rabbits of the following outbred strains: New Zealand White, "Blanc de Bouscat," and "Fauve de Bourgogne," which were purchased from the Ferme Expdrimentale du Prieurd (Institut Pasteur, Villepreux, France).
Preparation of Anti-Allotype Sera. Anti-allotype sera were prepared by injecting rabbit IgG slightly polymerized with glutaraldehyde (13) and emulsified with complete Freund's adjuvant into the hindfoot pads of genetically nonidentical rabbits. The injections were repeated monthly, with 4 mg of IgG per rabbit. The rabbits were bled 1 month after the first injection and then monthly, just before the following injection.
Preparation of IgG, IgG Labeling, and Preparation of Immunoadsorbents. IgG was prepared from serum by DEAEcellulose column chromatography (14) . IgG and purified antibodies were labeled either with 1251 using the chloramine-T method (15) or with peroxidase (16) , For the preparation of immunoadsorbents, aminohexyl Sepharose 4B activated with glutaraldehyde (17) was coupled to rabbit IgG or to crude 18% sodium sulfate fraction from either anti-allotype sera or normal rabbit serum.
Radioimmunoassay. Radioimmunoassay was carried out as described (18) . For the same IgG labeled sample, the percentage of binding to the various anti-allotype sera was calculated as follows: (cpm found with the anti-allotype serum)/[cpm found with the anti-Ig serum (prepared in hen)] x 100. For the total immunoglobulin quantitation, the technique of polyvinyl chloride plates coated with the antigen was used (19) . Inhibition of binding of the corresponding 125I-labeled antibodies to these coated plates allows the detection of very minute (nanogram) amounts of inhibitors.
Preparation of the Lymphocyte Suspensions and of the Main Lymphocyte Populations. Lymphocytes from spleen and thymus were prepared as reported (18) . Circulating lymphocytes were separated from the other blood cells by means of Ficoll-Paque (20) . We generally obtained between 2 and 8 x 107 lymphocytes for 50 ml of heparinized blood. T and B Abbreviation: SRBC, sheep erythrocytes. *To whom reprint requests should be addressed.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. lymphocytes were separated by using nylon wool columns (21) Not to increase the differences between the antigenic determinants of the newborn cells and those of the sensitized lymphocytes in these random-bred rabbits, we chose the sensitized rabbits with the same genotype (al, al, b4 b4) as the mother. Around 50 ml of blood was collected in heparin from the rabbit to be sensitized and lymphocytes were separated from erythrocytes and coated with the appropriate IgG. Six to 8 hr after blood collection, which represents the time necessary for lymphocyte coating, each treated rabbit received by the venous route its own coated lymphocytes. Attempts to induce allotypic suppression with lymphocytes from rabbits subjected to one sensitization were, at the beginning, unsuccessful. Consequently, we decided to undertake two consecutive sensitizations of the same rabbit, the second being made 3 weeks after the first. Seven days after the last sensitization the rabbits were killed and their main lymphoid organs (spleen, thymus) and their blood were collected. Lymphocyte suspensions were prepared from each of them and respectively assayed for their aptitude to induce the allotypic suppression in appropriate newborns.
The Sensitized Rabbits Did Not Produce Significant Amounts of Anti-Allotype Antibodies. Just at the time of sacrifice a sample of blood was collected from the sensitized rabbits. We looked into the resulting serum for the presence of anti-allotype antibodies directed against the IgG used to coat the lymphocytes. We tried, for instance, with the serum of a rabbit sensitized against the a3 and b6 specificities to inhibit the binding of 125I-labeled anti-a3 and anti-b6 antibodies on a3 b6 IgG-coated polyvinyl chloride plates (19) . The same attempt was carried out with the serum of the earliest bleedings of the young rabbits subjected to suppression after having received, at birth, the spleen lymphocytes of this sensitized rabbit. This approach would not, of course, allow one to distinguish serum anti-allotype antibodies from IgG carrying the corresponding allotypic specificities and released in the bloodstream from the coated lymphocytes. As we found no significant inhibition, we can assert that the sensitization procedure did not induce anti-allotype antibody production and that the coated IgG was firmly bound to the lymphocytes. The absence of anti-allotype antibody-producing lymphocytes in the spleen cell population of the sensitized rabbits was also confirmed by the plaque-forming cell technique (23 Fig. 1A , in which we attempted to induce a suppression of the b6 specificity inherited from the father in an a2, a3, W, b6 heterozygous newborn rabbit by means of splenic lymphocytes from an a2, a2, b4, W homozygous rabbit sensitized against b6. The suppression was complete and long lasting. Five months after birth we did not detect a trace of b6 in its immunoglobulins, compared to the 30-35% found in the immunoglobulins of the control that received the same amount of normal spleen lymphocytes (Fig. 1B) and of the control that received nothing (Fig. 1C) . We observed the expected (5) compensatory effect due to an increased expression of the other allele (percentage of b4 in Fig. 1 , compare A with B and C).
We also tried to induce the allotypic suppression of the a series specificities. Thus, we used splenic lymphocytes sensitized against both an a and a b specificity to simultaneously induce a suppression against their expression in appropriate heterozygous newborns. We succeeded and then decided to investigate in this situation the role of B and T lymphocytes in the induction of the allotypic suppression.
Comparison of Ability of T-and B-Sensitized Splenic Lymphocytes to Induce the Allotypic Suppression. The lymphocytes retained on nylon wool (21) will be referred to as B Julius, whereas the nonretained ones will be referred to as T Julius. In Table 1 are summarized the results obtained with the mitogenicity test and the labeling technique used to check the purity of the separated lymphocytes. The T Julius lymphocytes are enriched by about 50% in T lymphocytes and depleted by around also 50% in B lymphocytes (Table 1, third and fourth columns). The converse holds true for the B Julius (Table 1 , fourth column, considering only the less favorable test).
In Fig. 2 are summarized the results obtained with three al, a3, b4, b6 heterozygous rabbits of the same litter that inherited the al and b4 allotypic specificities from their mother and the a3 and b6 from their father. Twenty-four hours after birth one received B Julius ( Fig. 2A) lymphocytes from the spleen of a rabbit sensitized against a3 and b6 and the other T Julius lymphocytes (Fig. 2B ) from the same origin; the third (Fig. 2C ) (control) received no injection. Until the seventh week of life complete suppression for a3 and b6 was achieved in the recipient of either B or T Julius-sensitized lymphocytes with a compensatory effect on al and b4 expression. At this stage the rabbit that received B Julius lymphocytes very quickly released from suppression to reach the equilibrium found with the control, whereas the rabbit that received T Julius lymphocytes remained subjected to suppression that has persisted for >1 year now. We checked by an appropriate mating that this rabbit that is phenotypically al, b4 is genotypically al, a3, b4, b6. The results given in Fig. 3 are conclusive. The transient suppression observed with the rabbit that received B Julius lymphocytes can be ascribed to their contamination by T lymphocytes. In the 14 other cases studied (see below for one of them), the B Julius-sensitized lymphocytes were totally unable to induce the allotypic suppression, whereas their T counterpart was efficient.
In another litter of heterozygous al, a3, W, b6 rabbits in which we tried to induce suppression of the a3 and b6 specificities transmitted by the father, we observed that the suppressive action of the sensitized T Julius lymphocytes was not necessarily immediate. As seen in Fig. 4 , although a young rabbit that received T Julius lymphocytes sensitized against a3 and b6 did not express the corresponding specificities (Fig. 4A) , its brother, which received the same amount of T Julius lymphocytes from the same origin, began to ex--press the specificities inherited from the father: 35% a3 and 30% b6 detected at the 5th week of life (Fig. 4B) . This expression decreased abruptly between the 5th and 7th week of life, to totally disappear at the 13th week. Fig. 4C illustrates a case in which the B Julius lymphocytes from sensitized splenic lymphocytes (from the same source as Fig. 4 A and B) were without effect upon the expression of the corresponding allotypic specificities. Even their pecking order (24) was not disturbed.
In several sets of experiments, we tried to determine the optimal amount of sensitized T Julius lymphocytes to be in- . and b6 (a0, b6) . This rabbit, which is phenotypicalx ly al, b4, was mated with a normal al, a., b4, b6 heterozygous female (the only type of mature females we had at that time). The phenotype of the first, sixth, and seventh individuals of their progeny shows that the male is also genotypically al, a., b4, b6. Circles, females; squares, males.
jected to the newborn to obtain suppression. With <0.8 x 108 T Julius lymphocytes, very transient or no suppression occurred; with >5 x 108 T Julius lymphocytes, the problem of mortality became more acute. Thus, the best dose was around 2-3 x 108 T Julius lymphocytes per newborn.
Summary of Experimental Data. Eighty newborn rabbits were treated with sensitized splenic lymphocytes. They were distributed into 25 different series, a series being the set of newborn rabbits that were treated with the splenic lymphocytes of the same sensitized rabbit. The different series implied heterozygous newborn rabbits of the following genotypes: a), a3, W, b6; a2, a3,b4, b6; al, a2,W, bS; and a], a., b4, bS, in which the allotypic specificities inherited from the father-namely, and respectively, a., b6; a2, bS; and a3, bS-were simultaneously subjected to the suppression attempt. The 25 series included 10 series in which newborns were treated with total sensitized splenic lymphocytes and 15 series in which we compared the effect of T-and Bsensitized lymphocytes.
Of the 80 treated rabbits, 22 died during the first month of life, preventing any study of their immunoglobulins. Thus, we had 58 survivors. Among them, 15 received B-sensitized lymphocytes, about which we know now that they are unable to induce the allotypic suppression. We found 19 positive cases of suppression among the 43 remaining treated rabbits, or about 40% success. This estimate only includes the cases of total suppression as we did not search for gradual concentration decreases of the paternally inherited allotypic specificities.
Among the 25 survivors that received T-sensitized lymphocytes, 11 demonstrated suppression, whereas among the 15 receiving the corresponding B lymphocytes, only 1 showed a very transient suppression.
DISCUSSION
Newborn heterozygous rabbits having received 24 hr after birth one injection of around 108 splenic lymphocytes sensitized against the a and b series immunoglobulin allotypic specificities inherited from their father may show suppression of allotype expression. The sensitized lymphocytes were prepared in adult rabbits of the appropriate genotype by two injections at a 3-week interval of their own lymphocytes coated with IgG bearing the chosen specificities.
The characteristics of the allotypic suppression induced in this manner are similar to those described by Dray (5). We observed the compensatory effect due to an increased expression of the corresponding allele and have several rabbits in which the expression of both an a and a b allotypic specificity has been suppressed for >11/2 years now. We did not find, even when the suppression was chronically established, the expression of unexpected allotypic specificities.
We found that lymphocytes in the T Julius subset were responsible for induction of this suppression. It seems to us that, in this subset, the most probable candidates for this activity are T-suppressor lymphocytes. We cannot, of course, totally exclude that the induction requires some cooperation between T cells and B cells not retained on nylon wool. For instance, the necessity of the B lymphocyte presence for the T-lymphocyte activation by Con A has been recently reported (25) . We chose the nylon wool technique (21) as we needed for our comparisons large amounts (2-3 x 108) of T or B lymphocytes from the same spleen per treated newborn. This technique allows to obtain quickly and without great damage such quantities of cells. In mice, we also succeeded (unpublished data) in inducing by our procedure a chronic suppression upon the allotypic specificity Ighlb in BALB/c x CB.20 F1 hybrids-in other words, in hybrids having no individuals of the SJL strain as a parent. Here again we found that among the whole splenic lymphocytes sensitized against Ighlb, the T lymphocytes were responsible for the induction. As In one rabbit we observed that suppression was not immediately established. This is reminiscent of what generally happens with BALB/c x SJL hybrid mice, in which total suppression of the Ighl b expression, by means of anti-Ighlb antibodies, is only clearly established when the treated mice are around 6 months old (27) . This can reflect the necessity for maturation of the sensitized lymphocytes acting in this suppression. In newborn rabbits that received large doses of anti-allotype antibodies it is sometimes observed within the 48 hr after the injection, a release-synthetic burst (28) Despite what others have observed with mice '29), attempts have failed to transfer the allotypic suppression to newborn rabbits with spleen cells from individuals in a chronic state of suppression induced with anti-allotype antibodies (30) . As our results show that allotypic suppression is inducible with sensitized lymphocytes, this discrepancy can reflect differences between the mechanisms intervening during the induction of this suppression and those responsible for its maintenance.
The mortality with our outbred rabbits was around 28% (22 dead for 80 treated newborns). The treated young rabbits mostly died between the 3rd and 4th week of life, which is the delicate period of weaning. Consequently, it is difficult to distinguish between mortality due to a precocious mother disaffection and mortality due to the host rejection by the graft (the dead rabbits have no peculiar physical aspect). In the case of graft versus host rejection, we can expect to decrease the mortality as the improvements of our experimental protocol will lead us to use more defined and better selected sensitized lymphocytes and perhaps cloned ones.
With the survivors the percentage of rabbits subjected to suppression is around 40%. The lack of success can be ascribed either to the rejection of the graft by the host, to fluctuations in the sensitization of the lymphocyte rabbit donors, or to problems pertaining to allogeneic restriction between the target cells and the sensitized lymphocytes.
We hope that this experimental procedure will offer to us a quick and easy route with which to study the cellular and perhaps molecular mechanisms of the allotypic suppression in the rabbit.
